We present predictions for the inclusive cross section for Higgs boson production by gluon-gluon fusion in proton collisions at √ s = 8 TeV. Our calculation is accurate up to next-to-next-to-leading order in QCD perturbation theory and includes soft-gluon effects up to next-to-next-to-leading logarithmic accuracy and two-loop electroweak corrections. The dependence on heavy-quark masses is taken into account exactly up to next-to-leading order and next-to-leading logarithmic accuracy, and a treatment of the Higgs boson line-shape is provided according to the complex-pole scheme.
The data collected at the LHC in 2011 allowed the ATLAS [1] and CMS [2] collaborations to impose strong constraints on the allowed mass of the Standard Model (SM) Higgs [3] boson, by essentially excluding it in the mass range O(130 GeV) < m H < O(600 GeV). Both collaborations observed an excess of events around m H ∼ 125 GeV and the update of the Tevatron [4] results with up to 10 fb −1 integrated luminosity also points to an excess in the region 115 − 135 GeV.
With the LHC running at 8 TeV and expecting to deliver an integrated luminosity of O(15 fb −1 ) per experiment, the discovery or exclusion of the SM Higgs boson can really be envisaged by the end of 2012.
The dominant mechanism for SM Higgs boson production at hadron colliders is gluon-gluon fusion [5] , through a heavy-quark (mainly, top-quark) loop. The QCD radiative corrections to the total cross section have been computed at the next-to-leading order (NLO) in Refs. [6, 7, 8] and at the next-to-next-to-leading order (NNLO accuracy) in [9, 10, 11] . NNLO results at the exclusive level can be found in Refs. [12, 13, 14, 15] .
In this article we present state of the art predictions for this channel with explicit results at the LHC with centre-of-mass energy of 8 TeV. Other recent results for the Higgs production cross section at the LHC, obtained at different levels of theoretical accuracy, are presented in Refs. [16, 17, 18, 19] .
The main features of our calculation have already been described in Ref. [20] . Here we focus on the improvements with respect to the work of Ref. [20] .
Our calculation is based on the resummation of soft-gluon contributions to all orders, as a way to improve state of the art fixed-order predictions with the dominant effect from higher-order corrections. The resummation of soft-gluon effects is achieved (see Ref. [21] for more details) by organizing the partonic coefficient function in the gg channel in Mellin space † as
where α S (µ R ) is the QCD coupling evaluated at the renormalization scale µ R and µ F is the factorization scale. The large logarithmic corrections (that appear as α n S ln 2n−k N in Mellin space) are exponentiated in the Sudakov radiative factor ∆ H N , which depends only on the dynamics of soft gluon emission from the initial state partons. The hard coefficient C gg includes N−independent terms arising from both soft and hard gluon emission and depends on the details of the coupling to the Higgs boson and, therefore, on the masses of the heavy quarks in the loop. The coefficient needed to perform the calculation up to N i LL can be obtained from the corresponding fixed order computation to N i LO accuracy.
The explicit expression for the coefficient C gg computed in the large-m t limit up to two-loop accuracy can be found in Ref. [21] . Together with the knowledge of the radiative factor ∆ H N , this result allowed us to perform the resummation up to next-to-next-to-leading logarithmic (NNLL) accuracy and to match the ensuing result with the fixed-order NNLO computation [9, 10, 11] still performed in the large-m t limit [21] . The resummation effect has been confirmed by the † The Mellin transform is defined with respect to the variable z = m 2 H /ŝ,ŝ being the partonic centre-of-mass energy.
computation of the soft-gluon terms at N 3 LO [22] . The NNLL+NNLO result of Ref. [21] has been the reference theoretical prediction for the gluon fusion cross section for few years.
In Ref. [20] we have extended this calculation by including the bottom-quark loop (and its interference with the top contribution) exactly up to NLO [7, 8] . However, the NLO results in [8, 23, 24, 25] can be used to extract the exact expression of C gg in Eq. (1) up to NLL:
where γ E ≃ 0.577216 is the Euler's constant and the dependence on the heavy-quark masses appears in the function c φ (m q ). The corresponding expression can be found in Eq. (B.2) of Ref. [8] in terms of one-dimensional integrals, or as a fully analytic result in Eq. (3.5) of Ref. [23] and Eq. (27) of Ref. [24] , both in terms of harmonic polylogarithms. In the limit of infinite quark mass, one recovers the well know result
By using Eq. (2) we can achieve NLL+NLO accuracy without relying on the large-m t approximation, that is, we can improve the exact fixed order NLO result by including soft-gluon resummation at NLL. Since no exact results are available at NNLO accuracy, at this order we only include the top-quark contribution in the m t → ∞ limit by adding soft-gluon effects at NNLL, as in Refs. [21, 20] . The ensuing result is finally corrected for two-loop electro-weak (EW) contributions [26] as evaluated in [27] , in the complete factorization scheme, in which the EW corrections are applied to the full QCD corrected cross section ‡ . We point out that the inclusion of the exact dependence on the top-and bottom-quark masses up to NLL accuracy results in a decrease of the cross section ranging from about 1.5% at m H = 125 GeV, to about 6% at m H = 800 GeV. The usually neglected charm-quark contribution, which we also include for the first time in our calculation, further decreases the cross section by about 1% for a light Higgs, being instead very small in the high-mass region.
The second improvement with respect to the work of Ref. [20] regards the treatment of the Higgs boson width. While the Zero Width Approximation (ZWA) can be considered sufficiently accurate for the evaluation of the inclusive cross section for a light Higgs boson, the increase of the Higgs boson width at large masses requires a proper inplementation of the corresponding line-shape. In this work we rely on the OFFP scheme described in Ref. [29] as an effective implementation of the complex-pole scheme. The signal cross section can be written as
where m H +iγ H parametrizes the complex pole of an unstable particle, with m H an input parameter playing the role of the on-shell mass while γ H , equivalent to the on-shell width, is computed at one loop accuracy in the SM in Ref. [29] . Γ H (M) andσ(M) correspond to the conventional on-shell width and hadronic production cross section evaluated at the virtuality of the Higgs boson M, respectively. The calculation in Ref. [29] provides a realistic estimate of the complex-pole width γ H ‡ Results including this improvement for √ s = 7 and 14 TeV have been presented in Ref. [28] . The results we are going to present are obtained by using the MSTW2008 NNLO parton distribution functions (PDFs) [31] , setting the reference values for the factorization and renor-malization scales to the Higgs boson virtuality M ¶ . The on-shell width of the Higgs boson is evaluated with the program HDECAY [32] . We set the top-quark mass to m t = 172.5 GeV and we choose m b = 4.75 GeV and m c = 1.40 GeV consistently with the MSTW2008 set.
Our predictions and the corresponding uncertainties, computed as discussed below, are presented in Table 1 . We stress that the inclusion of finite-width effects results in an increase of the cross section with respect to the ZWA of about O(10%) at m H = 800 GeV. It is well known that as m H increases and finite-width effects become important, the signal cross section becomes itself ill defined, and for each decay channel of the Higgs boson, only the full signal + background computation in that channel strictly makes sense . The use of a naive Breit Wigner, which would correspond to replace γ H with the on-shell width Γ(m H ) in Eq. (4), would give a smaller cross section with respect to the result in the complex-pole scheme, the difference ranging from −3.5% for m H = 300 GeV to −18% at m H = 600 GeV, to −27% at m H = 800 GeV.
We now review the various sources of uncertainty affecting the cross sections presented in Table  1 . The uncertainty has two main origins: the one coming from the partonic cross sections, and the one arising from our limited knowledge of the PDFs.
Uncalculated higher-order QCD radiative corrections are the most important source of uncertainty on the partonic cross section. A method, which is customarily used in perturbative QCD calculations, to estimate their size is to vary the renormalization and factorization scales around the hard scale M * * . In general, this procedure can only give a lower limit on the true uncertainty. Here we quantify the uncertainty as in Refs. [21, 20] : we vary independently µ F and µ R in the range 0.5M ≤ µ F , µ R ≤ 2M, with the constraint 0.5 ≤ µ F /µ R ≤ 2.
The scale uncertainty ranges from +7 − 8% (m H = 125 GeV) to about +6 − 5% (m H = 800 GeV). The results are consistent with those of Ref. [21, 20] ; in particular, we note that the effect of scale variations in our resummed calculation is considerably reduced with respect to the corresponding fixed-order NNLO result.
Another source of perturbative uncertainty on the partonic cross sections comes from the implementation of the EW corrections. Our results are obtained in the complete factorization scheme, a scenario supported by the effective field theory computation of mixed QCD-EW corrections presented in Ref. [35] . The partial factorization scheme, in which EW corrections are applied only to the LO cross section, would lead to a change of our results varying from about −3% to +2% in the range of Higgs boson masses we consider.
A potentially important source of perturbative uncertainty arises from the use of the large-m t approximation in the computation of the partonic cross section beyond NLL+NLO. The accuracy of the large-m t approximation at NNLO has been studied by computing subleading terms in the large-m t limit [36] , concluding that it works remarkably well, to better than 1% for m H < 300 GeV. For heavier Higgs bosons, we expect the uncertainty due to the large-m t approximation to play an increasing role. Nonetheless, it is well known that the comparison of the exact NLO calculation with the result obtained in the large m t limit but rescaled with the exact (m t and m b dependent) LO cross section shows agreement within the 10% level even at high Higgs boson masses [37] . ¶ The numerical integration over the virtuality M in Eq. (4) is performed between 50 to 1800 GeV.
A method to estimate the uncertainty from interference effects in the ZZ channel is proposed in Ref. [33] . * * An attempt to go beyond this standard approach is made in Ref. [34] .
Since our calculation exactly includes the heavy-quark mass dependence up to NLL+NLO, the uncertainty due to the large-m t approximation should be well below the 10% effect in the mass range we consider.
The other important source of uncertainty in the cross section is the one coming from PDFs. Our understanding of PDFs has improved considerably in the last years, and we have now various PDF sets at NNLO accuracy: MSTW2008 [31] , NNPDF21 [38] , JR09 [39] and ABK11 [40] . In order to produce the central values for the cross section, we rely on the MSTW2008 NNLO PDFs [31] . The PDF and α S uncertainties are estimated using the corresponding 68% C.L. band from the MSTW sets, normalized according to the PDF4LHC prescription [41] . We note that the ensuing uncertainty is rather close to the one obtained by using the 90% C.L. set of MSTW. The uncertainty ranges from +8 − 7% (m H = 125 GeV) to +11 − 10% (m H = 800 GeV). By using the NNPDF21 NNLO default set [38] with α S (m Z ) = 0.119 we find differences that range from +5% (m H = 125 GeV) to +2% (m H = 800 GeV) with respect to our central MSTW2008 result. When using the NNPDF21 NNLO set with α S (m Z ) = 0.114 the difference ranges from −3% (m H = 125 GeV) to −11% (m H = 800 GeV).
The JR09 and ABM11 partons give larger differences with respect to our central MSTW prediction. For m H = 125 GeV the JR09 (ABM11) result is lower than MSTW08 by about 10% (7%). At larger Higgs masses the agreement of JR09 with MSTW08 improves, but the difference with ABM11 increases, being about 14% at m H = 300 GeV and further increasing at higher Higgs masses. We remind the reader that the ABM11 NNLO fit does not include Tevatron jet data and that the ensuing QCD coupling is α S (m Z ) = 0.1134, significantly smaller than the world average.
Recently also the CTEQ collaboration has released an NNLO PDF set [44] . We find that the use of the CT10 NNLO central set, corresponding to α S (m Z ) = 0.118 leads to results that agree at the 1% level or better with those obtained with MSTW2008. By using the sets corresponding to α S = 0.116 and α S = 0.120 the differences range from ±4% at m H = 125 GeV to +5 − 6% at m H = 800 GeV, thus well within our PDF4LHC uncertainty band. We find this agreement reassuring and we conclude that our central predictions, endowed with the PDF4LHC uncertainty, should be sufficiently conservative. Nonetheless, we believe that the large differences obtained with JR09 and ABM11 PDFs definitely deserve further investigations.
The results of this paper can be compared to those presented in Ref. [19] , where the impact of finite-width effects is studied as well. Besides the NLO QCD corrections with the exact dependence on the top-and bottom-quark masses, the NNLO corrections in the large-m t limit, and two loop EW effects [27] , the calculation of Ref. [19] includes mixed QCD-EW corrections evaluated in an effective field theory approach [35] and the independent evaluation of EW effects from real radiation [42, 43] whose effect is, however, at the 1% level or smaller, and that we neglect here. For a light Higgs boson, the main difference with our computation arises from the evaluation of higherorder QCD corrections. Following what previously done in Ref. [35] , in Ref. [19] these corrections are computed up to NNLO but choosing µ F = µ R = m H /2, as an attempt to reproduce effects beyond NNLO, that, in our calculation, are instead estimated through soft-gluon resummation. For m H = 125 GeV the result of Ref. [19] with the corresponding scale uncertainty is σ = 20.69 +8.4% −9.3% pb, 7% higher with respect to our σ = 19.31 +7.2% −7.8% pb, but still well within the uncertainty bands. Larger differences are observed in the high mass region, due to the different implementation of finite-width effects. In Ref. [19] a Breit-Wigner with running width is used as the default implementation of the line-shape. At m H = 400 GeV, the result of Ref. [19] is about 16% smaller than ours.
In this paper we have presented updated predictions for the cross section for Higgs boson production at the LHC with √ s = 8 TeV, and discussed the corresponding uncertainties. The results are based on the most advanced theoretical information available at present for this observable, including soft-gluon resummation up to NNLL accuracy, two-loop EW corrections, exact treatment of heavy quark mass effects up to NLL+NLO accuracy and finite-width effects evaluated in the complex-pole scheme. We look forward to a comparison of our results with LHC data.
